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Hepatocellular carcinoma (HCC) is the most common primary neoplasm
of the liver [1]. The incidence of HCC is particularly high in southeast Asia
and sub-Saharan Africa, but there is a clear rise in the number of cases in
western Europe and the United States [2]. More than 90% of patients with
HCC have underlying liver cirrhosis [3]. In patients with well-compensated
cirrhosis, Child-Pugh class A or B disease (Table 1), partial hepatectomy
should be considered [4]. Only a small proportion of patients with HCC are
able to undergo surgical resection; in most patients with the disease, surgery
is not a treatment option, either because of severe liver dysfunction caused
by coexisting cirrhosis or because of the presence of multiple tumor nodules
at diagnosis [4–6]. Following resection, overall 5-year survival rates range
from 35% to 50% [4,6,7]. Even with curative resection, intrahepatic
recurrence occurs in up to 70% of cases [8–11].

Orthotopic liver transplantation (OLT) has become widely accepted as
therapy for HCC in cases in which anatomic or functional limitations
preclude partial hepatectomy [4]. Best survival rates after OLT are achieved
in patients with solitaryHCCs of less than 5 cm in diameter or in patients with
three or fewer tumor nodules, each less than 3 cm in diameter [12]. A limited
number of patients qualify for OLT; furthermore, an even more limited
number of donor organs are available for transplantation. This shortage of
donor organs has resulted in an increase in the waiting time for OLT; as a
result, 23% of the candidates originally placed on the waiting list for OLT
become ineligible for the procedure because of disease progression [4].
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In patients with HCC who require nonsurgical treatment, systemic che-
motherapy and external-beam radiation therapy have failed to provide any
significant survival benefit [13].

Over the past two decades, development of various interventional
treatment options has revolutionized nonsurgical management of HCC.
Modern interventional techniques for treatment of HCC may be categorized
as local ablative or regional transcatheter therapies (Table 2). Of the local
ablative therapies, percutaneous ethanol injection (PEI) and radiofrequency
ablation (RFA) are the most commonly used techniques. Various forms of
catheter-directed therapy are currently in use, including transarterial
embolization (TAE), transarterial chemoembolization (TACE) using solid
particles (nonoily TACE), and TACE using ethiodized oil (Lipiodol,
Laboratoire Guerbet, Aulnay-sous-Bois, France).

Table 1

Pugh’s modification of Child’s grading of cirrhosis

Measurement 1 point 2 points 3 points

Bilirubin, mg/dL 1.0–1.9 2.0–2.9 >2.9

PT prolongation (sec) 1.0–4.0 4.0–6.0 >6.0

Albumin, g/dL >3.5 2.8–3.4 <2.8

Encephalopathya None 1 or 2 3 or 4

Ascites Absent Slight Moderate

Child-Pugh class Total score Hepatic function

A 5 to 6 Good

B 7 to 9 Intermediate

C 10 to 12 Poor

a According to grading of Trey, Burns, and Saunders (1966).

Abbreviation: PT, prothrombin time.

Data from Pugh RNH, Murray-Lyon IM, Dawson JL, et al. Transection of the oesophagus

for bleeding oesophageal varices. Br J Surg 1973;60:646–9.

Table 2

Interventional treatment options for hepatocellular carcinoma

Local ablative therapies

Cryosurgery

Microwave ablation

Radiofrequency ablationa

Percutaneous ethanol injectiona

Percutaneous acetic acid injection

Regional transcatheter therapies

Arterial chemoinfusion

Transarterial embolizationa

Transarterial chemoembolization with solid particlesa

Transarterial chemoembolization with ethiodized oila

Transarterial radioembolization
90Y microspheres

Lipiodol 131I

a Commercially available and commonly used in the United States.
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This article uses the term TACE to refer to transarterial chemo-
embolization using ethiodized oil unless otherwise specified.

PEI is effective in the treatment of small (<3 cm) nodular-type HCCs [14–
16]. In prospective randomized trials, RFA has been shown to result in more
reliable necrosis of small tumors and to require fewer treatment sessions
than PEI for tumor ablation [17,18]. Local ablative therapies have a limited
role in the treatment of large lesions or multifocal tumors.

The rationale for catheter-directed regional therapy for HCC rests on the
observation that liver tumors derive almost all of their blood supply from the
hepatic artery whereas normal liver tissue receives 80% of its blood supply
from the portal vein [19,20]. Occlusion of the hepatic artery results in
relatively selective ischemia within the tumor. Surgical ligation of the hepatic
artery requires laparotomy and is only transiently effective because of rapid
development of collateral vessels [21–23]. Catheterization and occlusion of
the hepatic arteries and their branches feeding the tumor can be accomplished
easily, however, and results in highly selective ischemia in the tumor bed.

Technique

Since its introduction into clinical practice, transarterial therapy for HCC
has evolved significantly. A better understanding of HCC in the setting of
liver cirrhosis has resulted in significant modifications of hepatic artery
embolization techniques.

Prior to any form of transarterial therapy, diagnostic visceral angiog-
raphy is performed to determine the arterial anatomy, the blood supply to
the tumor, and the patency of the portal vein, and to check for significant
arterioportal shunting and signs of portal hypertension.

From the arterial anatomy and the extent of the tumor, a treatment plan
is formulated. In reported studies, including randomized clinical trials
conducted as recently as 1998, most investigators have treated the entire
liver in one session after catheterization of the proper hepatic artery [24–26].
Today, modern imaging (digital subtraction angiography) and advanced
catheter technology (3-French microcatheters) allow superselective catheter-
ization of the arterial branches feeding the tumor. Selective (segmental or
subsegmental) transarterial therapy is preferable to nonselective therapy,
because a selective approach maximizes the impact of treatment on the
tumor while decreasing collateral damage to tumor-free liver parenchyma
[27–29]. When one whole lobe of the liver is involved, transarterial therapy is
performed after catheterization of the right or left hepatic artery. In the case
of bilobar disease, one lobe is treated at each session, allowing for recovery
of tumor-free liver parenchyma prior to treatment of the contralateral lobe
(Fig. 1).

TAE using gelatin sponge or polyvinyl alcohol (PVA) particles is the
simplest form of catheter-directed therapy for HCC. Reduction of the blood
flow provides favorable pharmacokinetics for intra-arterial chemotherapy
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Fig. 1. A 61-year-old woman underwent two separate resections for hepatocellular carcinoma

(HCC) in the left lobe of her liver. On follow-up, 21 months after the second resection, she was

found to have recurrent HCC in the right lobe. She underwent intraoperative radiofrequency

ablation (RFA) of three lesions in the right lobe. Four months after RFA, CT demonstrated a

3-cm lesion in the right lobe. The patient was referred for transarterial chemoembolization. (A)

Selective celiac artery angiogram demonstrates a 3- to 4-cm hypervascular mass surrounded by

at least five small hypervascular nodules not detected on CT, consistent with multifocal HCC.

The largest nodule is supplied by two main arterial feeders: one (black arrowhead) arising from

the posterior segmental branch (black arrow) of the right hepatic artery, and the second (white

arrowhead) arising from the anterior segmental branch (white arrow) of the right hepatic artery.

Oily chemoembolization was performed after selective catheterization of the two main feeders.

(B) Superselective angiogram of the superior branch (arrowhead) of the posterior segmental

branch of the right hepatic artery shows the main tumor as well as the satellite nodules. (C)

Anteroposterior digital radiograph of the upper abdomen after chemoembolization demon-

strates dense accumulation of Lipiodol in the main tumor (asterisk) and the satellite nodules

(arrowheads). (D) Axial CT image of the abdomen in the early arterial phase demonstrates

dense accumulation of Lipiodol in two small (<1 cm) nodules (arrowheads) in the dome of the

liver. The area of low density between the two nodules is from previous RFA. (E) Axial CT

image of the abdomen in the early arterial phase demonstrates dense accumulation of Lipiodol

in the main tumor (asterisk) and a daughter nodule.



[30,31]; therefore, a chemotherapeutic agent is often added to the
embolization regimen. Chemoembolization is a combination of targeted
chemotherapy and arterial embolization that provides local chemother-
apeutic and selective ischemic effects.

Chemoembolization has several theoretic advantages over other forms of
regional transcatheter therapy [32]. First, embolization provides relatively
selective ischemia within the tumor. Second, compared with simple intra-
arterial chemoinfusion, chemoembolization provides much higher drug
concentrations in the tumor [33,34]. Third, arresting arterial blood flow by
injection of an embolic agent markedly prolongs the dwell time of the
chemotherapy, with measurable drug levels present as long as a month after
chemoembolization [35,36]. Finally, up to 85% of the chemotherapeutic drug
is retained in the liver, minimizing systemic toxicity even at high doses [37].

In TACE, an emulsion of one or more chemotherapeutic agents in
ethiodized oil is slowly injected into the selected artery under direct
fluoroscopic guidance. Ethiodized oil is the ethyl ester of poppyseed oil and
contains 38% iodine. Ethiodized oil has been used as a contrast agent for
lymphangiographic studies. From the observation that ethiodized oil
accumulates in liver tumors [38], Japanese investigators began incorporating
the agent into transarterial chemotherapeutic regimens to improve tumor
targeting [39].

Clinical and animal studies have demonstrated several advantages of
chemoembolization with ethiodized oil over nonoily TACE. First, when
ethiodized oil is injected intra-arterially, it is taken up in tumor tissue at a
rate four times higher than the rate of uptake in normal liver [39]. Second,
the viscous oil temporarily slows down the arterial circulation, decreasing
washout of chemotherapy drugs. Third, ethiodized oil results in emboliza-
tion not only of the arteries supplying the tumor but also of the venules
supplying the tumor periphery. Although the hepatic artery is the major
source of the blood supply to HCC nodules, the periphery of the tumor is
nourished by small branches of the portal vein, which may persist and
enlarge after embolization of the hepatic artery [20,40]. Ethiodized oil
diffuses through the perisinusoidal arterioportal anastomoses and reaches
the portal venules supplying the tumor, thus resulting in dual embolization
and further devascularizing the tumor [41,42]. Finally, ethiodized oil may
have vascular selectivity for large and mainly tumoral arteries [43,44]. Use
of ethiodized oil results in significant improvement in the efficacy of
treatment [35,45].

Ideal chemotherapeutic agents for TACE have not been identified as of
this writing. Doxorubicin (Adriamycin) and cisplatinum (Platinol) are the
two most commonly used agents. Cisplatinum may be associated with
higher rates of tumor necrosis and patient survival [45,46]. Chemother-
apy regimens commonly used in the United States include cisplatinum alone
and cisplatinum in combination with doxorubicin and mitomycin C
(Mutamycin) [32].
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Following intra-arterial administration of the chemotherapeutic emul-
sion, the artery is embolized with absorbable gelatin sponge particles
(Gelfoam particles). Embolization with Gelfoam particles enhances the
necrotizing effect of the ethiodized oil-drug emulsion [47]. As opposed to
steel coils, Gelfoam particles are degradable, and thus the patency of the
feeding artery is maintained, permitting future TACE treatments.

When segmental, subsegmental, or unilobar TACE is employed, one
or several sessions may be required to treat the entire tumor or tumors.
Follow-up contrast-enhanced CT or dynamic contrast-enhanced MRI is
performed 1 month after completion of therapy and at 3-month intervals
thereafter [48].

Traditionally, hepatic artery embolization has been repeated at fixed
intervals until an arbitrarily planned number of courses is reached, technical
difficulties are encountered, or the patient dies [24–26]. Because repeated
embolization may cause progressive liver atrophy, sequential procedures
should be planned according to tumor response and patient tolerance [49,50].

Side effects and complications

Most patients treated with hepatic artery embolization experience a
combination of nausea, fever, and pain associated with leukocytosis and
elevation of the liver enzymes. This so-called ‘‘postembolization syn-
drome’’ is treated symptomatically and may decrease in severity with
subsequent chemoembolization sessions [51]. Chung et al [52] described
predisposing factors for complications of TACE in 351 patients treated in
942 sessions. Fifteen percent of the patients had severe postembolization
syndrome requiring treatment for 7 days or longer. Most of these patients
had large tumors (>9 cm in diameter). The addition of Gelfoam particles
increased the prevalence of severe postembolization syndrome among
patients with tumors larger than 9 cm. Deterioration of liver function was
observed in 15.4% of patients. In 9.7% of patients, liver function returned
to pre-embolization status within 4 weeks, but in 5.7%, deterioration of
liver function was permanent. Other complications were rare; they
included hepatic infarction with coagulopathy (0.3%), intrahepatic biloma
(0.8%), liver abscess (0.3%), tumor rupture with hemoperitoneum (0.8%),
septicemia (2.6%), gastrointestinal bleeding (2.8%), and unintentional
extrahepatic embolization, including gallbladder infarction (4.6%). Im-
portant predisposing factors for deterioration in liver function and for the
other, less common complications were major portal vein obstruction,
compromised hepatic functional reserve, biliary obstruction, previous
biliary surgery, injection of an excessive amount (>20 mL) of ethiodized
oil, hepatic arterial occlusion after repeated TACE, and nonselective
embolization. Each of the patients with permanent deterioration in liver
function had at least one of these predisposing factors. In addition to
complications outlined previously, renal failure has been reported in 2.4%
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of patients treated with chemoembolization for primary and metastatic
liver tumors [53].

Chung et al [52] reported 9 deaths (2.6%) within 1 month after TACE.
The overall mortality rate associated with TACE depends on the severity of
the underlying liver disease and may reach 37% in patients with severe
cirrhosis (Child-Pugh class C disease) [54]. With appropriate patient
selection, the procedure-related mortality rate is less than 5% [35,55].

Indications

Worldwide, patients with unresectable HCC are most commonly treated
with TACE or other variations of hepatic artery embolization. In some parts
of Asia, TACE is considered standard therapy for patients with unresectable
HCC [7,56]. For patients with acute tumor rupture, pain, or a paraneo-
plastic syndrome, such as hypoglycemia or hypercalcemia, hepatic artery
embolization is effective and may be life-saving [57,58]. In patients awaiting
OLT, chemoembolization may help control the growth of the tumor and
prevent progression of HCC. The benefits of pretransplant chemoemboliza-
tion reported in individual series have not been studied in prospective
randomized controlled trials; nevertheless, many transplant centers use
TACE to prevent drop-out of candidates from the waiting list [12,59–61].
TACE has been evaluated as both neoadjuvant and adjuvant therapy in
patients who qualify for partial hepatectomy. Conflicting results have been
reported [46,62–64].

Contraindications

Patients with severe anaphylactoid reactions to radiographic contrast
media, uncorrectable coagulopathy, severe renal insufficiency, or severe
peripheral vascular disease precluding catheterization of tumoral arteries
cannot be treated with hepatic artery embolization.

Hepatic encephalopathy and jaundice are absolute contraindications to
hepatic artery embolization. Biliary obstruction and dilated bile ducts, even
with a normal bilirubin level, increase the risk of liver infarction [65]. The
main reason that arterial embolization is well tolerated is the dual blood
supply to the liver. Therefore, portal venous blood flow must be carefully
assessed prior to arterial embolization. Chemoembolization can be per-
formed safely in patients with main portal vein occlusion as long as hepato-
petal collateral flow is present [66]. With increasing parenchymal disease,
the liver depends more heavily on the hepatic artery rather than the portal
vein. In a subgroup of patients with parenchymal liver disease, arterial
embolization is associated with increasing risk of liver failure. The
constellation of findings in this group of patients includes involvement of
greater than 50% of the liver by tumor, a lactate dehydrogenase level greater
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than 425 IU/L, an aspartate aminotransferase level greater than 100 IU/L,
and a total serum bilirubin level of 2 mg/dL or greater [67].

Patient selection

There are no standard guidelines for selecting appropriate patients for
TACE; however, characterization of prognostic factors may help in
choosing appropriate candidates for this therapy. The size of the tumor is
the most important prognostic factor in patients treated with TACE [68–71].
An impressive 67% 4-year survival rate has been reported in patients with
HCCs smaller than 4 cm treated with subsegmental TACE [29]. Ikeda et al
[68] demonstrated that patient survival is directly related to the best tumor
response to transarterial treatment. Tumor necrosis is directly related to
the extent of ethiodized oil accumulation in the tumor [27,28,71,72]. As
significant tumor necrosis is rarely achieved in larger tumors [73], it is not
surprising that TACE is less effective in improving the survival of patients
with larger HCCs [74].

Important factors adversely affecting survival in patients treated with
TACE include severe underlying cirrhosis, the presence of ascites, an elevated
bilirubin level, and the presence of extrahepatic metastases [70]. Bronowicki
et al [75] demonstrated significantly improved survival in patients with
limited liver dysfunction, Okuda stage I or II (Table 3) or Child class A or B
disease but not in those with decompensated liver disease (Okuda stage III or
Child class C disease). The extent of the tumor in unilobar or bilobar disease
was a significant prognostic factor in one study [70]. In another study, severe
liver dysfunction, the presence of intrahepatic metastases, and increased
frequency of transarterial treatment were slightly correlated with reduced
survival after hepatic artery embolization, but did not reach statistical
significance [69]. Clinical features that adversely affect survival and are
commonly accepted as exclusion criteria are listed in Table 4.

Table 3

Okuda prognostic grading

Factor Score

Tumor >50% of liver 1

Ascites present 1

Serum albumin <3 g/dL 1

Serum bilirubin >3 mg/dL 1

Total score Stage

0 I

1 or 2 II

3 or 4 III

Adapted from Okuda K, Ohtsuki T, Obatta H, et al. Natural history of hepatocellular

carcinoma and prognosis in relation to treatment. Cancer 1985;56:918–28.
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Results

Worldwide, there is significant experience with catheter-directed treat-
ment of liver tumors. Because of large differences between studies in patient
demographics, underlying types and stages of liver disease, chemotherapy
agents and doses employed, embolization agents employed, vascular tech-
niques, frequency of therapy, and intervals between treatment sessions, it is
difficult, if not impossible, to make a general statement about the efficacy of
catheter-directed therapy for HCC. Nevertheless, the studies performed to
date provide some useful data.

Complete tumor necrosis has been reported in 37% to 54% of cases after
one session of TACE [76,77]. In a prospective randomized controlled trial,
TAE significantly improved patient survival when compared with systemic
chemotherapy [77]. With the pharmacokinetic advantages of chemoembo-
lization and tumor-targeted therapy with ethiodized oil, TAE has fallen out
of favor in recent years. Nevertheless, 1- and 2-year survival rates of 50%
and 33% have been reported with particle embolization [79]. Transarterial
infusion of an emulsion of a chemotherapeutic agent in ethiodized oil
followed by arterial embolization with Gelfoam particles (TACE) is more
effective than nonoily chemoembolization, transarterial infusion of ethio-
dized oil alone, or transarterial infusion of ethiodized oil with a chemo-
therapeutic agent [35,47]. With the TACE regimen, 1-, 2-, 3-, and 4-year
survival rates of up to 64%, 38%, 27%, and 27%, respectively, have been
achieved [74,75,80]. The best results reported to date are from a study in
which Matsui et al [29] treated 100 patients with small HCCs (<4 cm in
diameter) with subsegmental TACE. The 1-, 2-, 3-, and 4-year survival rates

Table 4

Suggested contraindications of TACE for hepatocellular carcinoma*

Portal vein occlusion

Main trunk or its first-order branches

Extrahepatic metastases

Advanced age

>80 y (Pelletier et al, 1998)

>70 y (Madden et al, 1993)

Severe hepatic diseasea

Encephalopathy

Bilirubin >3.0 mg/dL

Albumin <3.0 g/dL

Clinical ascites requiring treatment

Prothrombin activity <30% of normal

Okuda stage III

Variceal bleeding

Surgical portocaval anastomosis

Abbreviation: TACE, transarterial chemoembolization.
a Although not directly cited, Child-Pugh class C disease is implied as an exclusion criterion.

* Compiled from exclusion criteria reported in randomized controlled trials (24–26,82,84).
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in 82 patients were 100%, 92%, 78%, and 67%, respectively. Of the tumors
resected surgically after subsegmental TACE, 7 of 11 (64%) demonstrated
complete necrosis.

Initial randomized trials (Table 5) failed to show a statistically sig-
nificant survival benefit in patients treated with transarterial therapy.
This apparent lack of benefit may be from the use of outdated techniques.
The techniques used in these trials were probably obsolete prior to the
completion of each study. The results of these trials are at best in-
conclusive, if not misleading. Simonetti et al [81] attempted a systematic
review of randomized controlled trials of treatment of HCC. For a group
of patients treated with transarterial embolization, the authors identified
five randomized controlled trials involving patients with both compensated
and decompensated liver disease who were treated with remarkably
different protocols [24,25,78,82,83]. Given the inhomogeneous character of
this group, the authors suggested using caution in reviewing the results;
nevertheless, they reported slightly better survival in the treated patients
[81].

More recently, a detailed analysis of six randomized controlled trials
(Table 5) that compared arterial embolization with conservative manage-
ment [24–26,78,82,84], including four of the five trials reviewed by Simonetti
et al [81], highlighted several shortcomings with each of the studies (Table 6)
[85]. Three of these trials [24–26] are frequently cited by various authors and
deserve closer attention.

In 1990, Pelletier et al [24] reported the results of a randomized controlled
trial in which 42 patients with inoperable HCC were randomly assigned to
TACE or palliative treatment. There was no difference in survival between
the two groups. Patients in the treatment group underwent TACE with
doxorubicin and Gelfoam powder injected simultaneously in the proper
hepatic artery. This study has been criticized for its suboptimal method-
ology. First, the authors did not use ethiodized oil as a conjugate with the
doxorubicin. Instead, they injected Gelfoam powder, an embolization agent
that is more harmful to nontumerous liver than larger Gelfoam particles
[86,87]. Second, the authors performed chemoembolization in a nonselec-
tive fashion, exposing tumor-free liver parenchyma to cytotoxic agents and
ischemia while undermining effective targeted delivery to the tumor. Finally,
the authors repeated the treatment at planned periodic intervals (at 2, 6, and
12 months after the initial treatment) rather than on the basis of patient
tolerance and tumor response.

The second frequently cited multicenter randomized controlled trial of
TACE versus palliative treatment failed to demonstrate a statistically
significant survival advantage in the treated patients; however, it showed a
trend toward improved survival in the treatment group [25]. The 1-year
survival rate among the treated patients was 62%, compared with 43.5% in
the untreated group. Furthermore, in patients treated with TACE, tumor
growth was reduced and the incidence of portal obstruction was lower. This
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benefit was offset by the high incidence of liver failure (60%), which may
be partially explained by the suboptimal therapeutic approach adopted in
this study. TACE was performed in a nonselective fashion with chemo-
embolization of the proper hepatic artery rather than specific arterial
branches feeding the tumor and was repeated at fixed, planned intervals
(every 2 months for a maximum of four courses). It is conceivable that this
aggressive treatment regimen caused repeated iatrogenic insult to the liver,
exacerbating the underlying liver disease. The statistical analysis of this
study deserves exploration. A triangular test was used to set up stopping
boundaries for the trial. The survival rate with palliative treatment was
assumed to be 50%. It was further assumed that TACE would have to
yield a survival rate of 75% to be superior to palliative treatment. An
interim analysis of the results after enrollment of 96 patients demonstrated
an increase of less than 50% in the survival rate with TACE as compared
with palliative treatment. Therefore, the trial was stopped, despite a 20%
survival advantage in the treated patients at 1 year. It appears that a
larger sample size would be necessary to evaluate the significance of this
finding.

In the third frequently cited randomized controlled trial, 73 patients
were randomly assigned to receive tamoxifen alone or tamoxifen plus
TACE [26]. Chemoembolization was performed in a nonselective manner
at fixed intervals (every 3 months during the first year and every 4 months
thereafter). The rate of objective tumoral response (at least 50% reduction
in tumor bulk) was 24%. TACE did not improve patient survival compared
with survival after tamoxifen alone, however. The benefit of inhibiting
tumor growth was probably offset by worsening liver function in patients
with cirrhosis whose entire liver was treated repeatedly with TACE. More
important, the authors used oil-in-water emulsion (small droplets of ethio-
dized oil dispersed in aqueous solution of cisplatinum), which of all the
possible ethiodized oil drug emulsions is the one with the lowest embolic
effect and which does not improve either ethiodized oil or drug targeting of
tumor vessels [43,44]. The authors pointed out that this critical information
about the drawbacks of oil-in-water emulsions did not become available
until after initiation of the trial [26].

Another randomized controlled trial, published in 1994, demonstrated no
difference in survival rates between patients treated with TACE (cisplati-
num, ethiodized oil, and Gelfoam particles) and those treated with TAE
(ethiodized oil and Gelfoam particles) [88]. For the patients treated with
TACE, the authors reported mixing as little as 5 mL of ethiodized oil with
20 mL of aqueous cisplatinum solution (14.5 mL of ionic contrast medium
and 5 mL of normal saline), probably resulting in a small-droplet oil-in-
water emulsion. More recently, this type of emulsion has been shown to
generate a low embolic effect, a high lung uptake, and a low ratio of tumor
to nontumerous liver uptake [43]. Large-droplet water-in-oil emulsions are
recommended for best results.
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Given the suboptimal techniques employed in these randomized con-
trolled trials, the role of hepatic artery embolization in treatment of patients
with unresectable HCC remained controversial for many years.

More recently, two excellent randomized clinical trials have shown
significant survival advantage in patients treated with TACE when
compared with those treated symptomatically [89,90].

In one study, Chinese investigators randomized 80 Asian patients with
newly diagnosed unresectable HCC to TACE or symptomatic treatment
[89]. Chemoembolization was performed using an emulsion of cisplatin in
Lipiodol and gelatin-sponge particles and was repeated every 2 to 3 months
unless there was evidence of contraindications or progressive disease. TACE
resulted in marked tumor response and significantly better survival (1 year,
57%; 2 years, 31%; 3 years, 26%) when compared to the control group (1
year, 32%; 2 years, 11%; 3 years, 3%; P ¼ 0.006).

In a similar trial, Spanish investigators randomized 112 European pa-
tients to TACE, bland embolization, or symptomatic treatment [90]. Pa-
tients in TACE group received an intraarterial emulsion of doxorubicin
in Lipiodol, followed by Gelfoam fragments to achieve flow stagnation.
Survival probabilities at 1 year and 2 years were 82% and 63% for TACE,
75% and 50% for bland embolization, and 63% and 27% for symptomatic
treatment group (TACE vs. symptomatic treatment P ¼ 0.009).

High rates of recurrence after curative resection of HCC have provided
the impetus for evaluation of TACE as both neoadjuvant and adjuvant
therapy. In a randomized trial of TACE as neoadjuvant therapy prior to
resection of large tumors (>10 cm), those treated with TACE had a
significantly worse overall survival during a 10-year period [62]. In those
treated with TACE, surgery was delayed for 4 months and a higher
incidence of distant metastases was reported. Reduction of tumor size by
TACE, however, may render inoperable patients resectable. Majno et al [46]
reported downstaging 21 of 49 patients (42%), allowing resection in 10% of
previously unresectable cases.

To study the effect of adjuvant therapy after curative hepatic resection in
patients with HCC, Izumi et al [63] randomly assigned 50 patients to TACE
or no treatment. Disease-free survival was significantly improved in those
patients who underwent one course of TACE. The 1-, 2-, 3-, and 4-year
disease-free survival rates were 64.5%, 54.9%, 32%, and 25.6%, respec-
tively, for the treatment group, versus 43%, 22%, 11.7%, and 5.9%,
respectively, for the control group. The recurrence rate in the treated group
was lower than the control group, but the difference did not reach statistical
significance. The cumulative survival or survival after a recurrence between
patients with or without adjuvant therapy was not significantly different.
Lai et al [64] randomly assigned 66 patients to a combination of intravenous
chemotherapy and TACE or no treatment after partial hepatectomy.
Patients who received adjuvant chemotherapy had a higher incidence of
extrahepatic metastases and significantly worse survival outcome. The
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respective disease-free survival rates at 1, 2, and 3 years were 50%, 36%,
and 18% for the treatment group and 69%, 53%, and 48% for the
control group. Optimal TACE techniques were not used in either one of the
studies.

Randomized controlled trials have helped clarify the natural history of
HCC in patients with compensated cirrhosis. The large discrepancy between
the survival benefits reported in nonrandomized studies and those reported
in randomized controlled trials is mostly from an underestimation of
survival in historic cohorts used as control groups in some nonrandomized
trials. Traditionally, the prognosis of patients with untreated HCC was
believed to be extremely poor, with a median survival time of 1.6 months
reported for patients in the Far East [91]. For unselected patients in the
West, a median survival time of 14 weeks and a 1-year survival rate of 13%
have been reported [92]. A recent analysis of 102 cirrhotic patients with
HCC, who qualified for TACE but were randomly assigned to the pallia-
tive treatment arm within prospective randomized controlled trials, demon-
strated overall 1-, 2- and 3-year survival rates of 54%, 40%, and 28%,
respectively [93]. Four independent predictors of mortality were identified,
including poor performance status, constitutional syndrome, vascular in-
vasion, and extrahepatic spread. In the absence of adverse factors, the 1-, 2-,
and 3-year survival rates were 80%, 65%, and 50%, respectively, versus
29%, 16%, and 8% for patients with at least one adverse factor. It is clear
that these adverse factors and survival rates should be taken into account in
the design and analysis of clinical trials. Furthermore, a large number of
patients may be necessary to demonstrate a presumably small but significant
survival benefit.

Combination of TACE and other interventional treatments

PEI and RFA are not as effective in the treatment of larger HCCs
(>3 cm) as they are in the treatment of smaller tumors [17,94]. Larger
tumors may be treated with TACE; however, complete necrosis may not be
achieved despite repeated treatment sessions. A combination of interven-
tional procedures may overcome limitations of individual treatment options.

The combination of TACE and PEI as a therapeutic option has been
reported to be superior to each individual treatment alone [95–101]. Tanaka
et al [95] reported 1-, 2-, and 3-year survival rates of 100%, 85%, and 85%,
respectively, for patients with solitary HCCs larger than 3 cm. The rationale
for this combination hinges on three assumptions: first, TACE causes
necrosis of the tumor and disruption of intratumoral septa, which in turn
facilitate homogeneous distribution of ethanol during PEI therapy; second,
chemoembolization results in formation of a fibrous capsule, limiting dif-
fusion of alcohol beyond the tumor; third, after arterial embolization, the
washout rate of ethanol from the tumor is significantly diminished, result-
ing in a longer dwell time and more effective ablation. Lencioni et al [98]
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reported 3- and 5-year survival rates of 69% and 47% in a group of patients
with compensated cirrhosis and large tumors (3–9 cm) occurring as a single
nodule or in association with no more than two nodules. Patients with
Child-Pugh class A cirrhosis had better 3- and 5-year survival rates (75%
and 59%, respectively). In a randomized controlled trial, Koda et al [101]
demonstrated a significantly decreased rate of recurrent HCC in patients
treated with a combination of TACE and PEI compared with the recurrence
rate in patients treated with PEI alone.

Hepatic artery embolization or balloon occlusion may be combined with
RFA to generate a larger area of ablation. The rationale for this combination
is based on the fact that perfusion-mediated tissue cooling limits the area of
thermal necrosis [102]. With temporary disruption of portal vein and hepatic
arterial flow, larger areas of thermal necrosis can be created during RFA
[102,103]. Rossi et al [104] reported their preliminary experience with this
technique in 62 patients with large HCCs (3.5–8.5 cm). Forty patients
underwent RFA during balloon occlusion of the hepatic artery, and the
remaining 22 patients underwent segmental arterial embolization prior to
RFA. Follow-up spiral CT demonstrated complete necrosis in 56 patients
after a single treatment session with RFA. The remaining 6 patients
underwent repeat RFA with balloon catheter occlusion of the hepatic artery.
Follow-up CT demonstrated complete necrosis in all 6 patients.

Summary

Most patients with HCC do not qualify for surgical interventions. In
carefully selected patients, TACE may improve survival, reduce the rate of
tumor growth, and decrease the incidence of portal vein occlusion. Since the
introduction of TACE in the 1980s, the technical aspects of the procedure
have significantly improved. Sophisticated angiographic equipment and
techniques have made superselective arterial catheterization possible for
more focused drug delivery. The use of ethiodized oil allows for more
effective targeting of HCC and provides dual embolization of the hepatic
artery and the portal venules supplying the tumor. Many important tech-
nical questions about TACE remain unanswered at this time: there are no
reliable, standardized patient selection criteria, ideal cytotoxic agents have
not yet been identified, the optimal dose of ethiodized oil has not been
confirmed, and the optimal frequency and timing of repeat treatment
sessions remain unknown. One major limitation of TACE—the need for
repeated treatments, which can result in deterioration of liver function—
may be avoided by use of a combination of interventional therapies. The
combination of limited TACE with PEI or RFA may lead to improved
survival and decreased risk of liver failure. More recently, two excellent
randomized clinical trials have demonstrated significant survival benefit
for patients treated with TACE when compared with those treated symp-
tomatically.
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